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Abstract 

In aviation industry there is a constant balance of costs and safety. At the center of this balance lie reliability and 

maintenance. Maintenance costs are nowadays at the top of operational costs, and reliability has a fundamental, 
although often forgotten, influence in those costs. 

This report is the result of a 6 months internship at OGMA - Indústria Aeronáutica de Portugal, S.A with the purpose 

of developing a reliability program for maintenance and operation. The reliability program is to use statistical methods 

to analyze the data recorded by OGMA over 10 years of maintenance, in order to help optimize its maintenance process. 

The results of this reliability analysis will allow the company to forecast component removals and to better prepare for 
upcoming maintenance projects, as well as identify components with reliability problems. 

The work developed during this internship included a detailed study of maintenance and reliability concepts. The high 

volume of data to be processed led to the creation of a database management system, to ensure the integrity of the data 

and the maintainability of the program in the future. 

The reliability program was tailored to the needs of the company based on a study of its internal organization and 

maintenance process. It is expected that this program will benefit OGMA by assisting in the efforts to reduce costs and 
aircraft delivery times. 
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1. Introduction 
In today’s world, our economy and society depend 

more than ever before on an uninterrupted delivery of 

wealth and services provided by mechanical, electrical 

and automated systems. Be it in transportation, power 

supply, communications or industry, the consequences 
of failure carry high costs and severe safety risks. 

Our dependency on these systems is such that a large 

scale failure in any single system would change the 

world as we know it, and with the increase of just-in-

time systems even small scale failures have large scale 

consequences. Therefore, ensuring continuous 

operational availability and safety has become a 

central concern in several areas of business and 
services. 

Ordinarily this would be achieved through 

redundancies. However, increasing redundancies 

means a higher number of systems need to be 

maintained, which in turn may cause even higher 

costs. Another approach to this issue is reducing the 

risk of failure. This second approach means a focus on 

increased reliability. 

Due to high safety concerns and expensive equipment, 

aviation industry is one of the leading areas in 

reliability. 

1.1. Problem Statement 

OGMA - Indústria Aeronáutica de Portugal, S.A 

performs maintenance and flight management for the 
Lockheed C-130 military transport aircraft. 

Having performed maintenance for this 14 aircraft 

fleet over a period of more than 10 years, the 

engineering department noticed an apparent decrease 

in reliability in several components. This led to worries 

that other components might also have reliability 

issues that had remained unnoticed, causing a 
significant increase in costs and maintenance time. 

To identify such cases OGMA made the decision to 

create a reliability program that would support 

optimization efforts and Kaizen groups in reducing 

costs and improving service. It is expected that this 

program will considerably reduce the maintenance 

costs and the capacity of the company to abide to 
contractual delivery schedules. 

1.2. Purpose 
The purpose of this project is to design, create and 

implement a reliability program for maintenance and 
operation. 

Being developed with and for an organization, this 

work tries to meet the requirements and needs of the 

company. Therefore the project not only attempts to 

serve its inherent academic purpose but also to make 

the program an asset of some value to the company. 

This program’s main objective is to deliver a reliability 

study based on available data. The program will 
include 

 Forecast of future removals 

 A focused analysis for each component and 

its part numbers both in maintenance and 

operation 
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A maintenance reliability analysis will allow the 

engineering department to optimize the size of the 

backup component pool, thus reducing the waiting 

time for the delivery of a component in good condition. 

This analysis will also provide an overall view of the 

performance of the maintenance process by 

identifying the distribution of removals in 
maintenance stages and by removal reasons. 

This analysis however, is not enough to determine the 

reliability of each component. To do so we must use 

the concept of reliability defined earlier, and consider 

the time (in flight hours) between installation and 

failure of a component. A component reliability 

analysis based on flight management information will 

indicate whether or not a component is unreliable and 

identify possible rogue units. 

1.3. What is Reliability? 
We are all familiar with the consequences of low 

reliability in household items. Something as simple as 

a car that that regularly does not start or light bulbs that 

burn out too quickly. From a manufacturers’ point of 

view, unreliability usually leads to warranty costs and 
a loss of reputation. But what exactly is reliability? 

The Merriam-Webster Dictionary defines reliable as: 

Able to be trusted to do or provide what is needed. 

It is a simple concept, one we all use when making 

everyday choices. When sick, most of us go to a doctor 

and not a lawyer, as the trust we place in doctors to 

cure illness is higher than that which we place in 

lawyers.  

Trust however is not a measurable quantity. Therefore, 

for engineering purposes one must find another 
definition of reliability: 

The probability that an item will perform a required 

function without failure under stated conditions for a 

stated period of time. [1] 

 

From a probability point of view, reliability is the 

probability that an unfavorable event (failure) will not 
occur, and can be defined by: 

 𝑅 = 1 − 𝑃𝑓 (1) 

Where Pf is the probability of failure. 

While still broad, this definition of reliability can be 

applied by an engineer to most products and systems. 

Reliability metrics can take several different forms, for 

example: the number of failures in a period of time, the 

time of occurrence of such failures, or the capability to 

withstand wear, fatigue and corrosion. If applied to 

individual cases these measures have limited meaning, 

but when conducting a reliability test using statistics 

and probability to analyze the data, these measures 

enable the engineer to determine the overall reliability 
of the component in operation. 

Low reliability has known negative consequences like 

increased costs, be it from replacing or repairing 

components with failures. But low reliability can also 

led to a decrease in safety. As such, aeronautic 

engineering is one of the engineering areas where 
reliability takes a more central role. 

1.4. What is Maintenance? 

Maintenance is ensuring that physical assets continue 

to do what their users want them to do. [2] 

From an engineering point of view, maintenance is a 

procedure conducted on a system or its components 

where one or several of the following actions take 
place: 

 Overhaul 

 Repair 

 Inspection 

 Replacement 

 Modification 

 Defect rectification 

These actions are conducted to ensure the system 

performs as intended, that it is reliable and safe. Being 

an auxiliary or support process, maintenance has no 

direct profitable output, however, by ensuring or even 

increasing production capacity it is an unavoidable 

part of any producing or operating process. 

Maintenance plays a central role in aviation as the 

nature of the operation means that critical failures are 

not acceptable at any moment during flight. 

2. Reliability Centered Maintenance 
In the 1960’s, maintenance was already a fully 

developed discipline with a multitude of techniques 

and approaches. Despite all this there were still some 
challenges in increasing the efficiency of maintenance. 

The high number of crashes and accidents caused by 

equipment failure in civil aviation forced the industry 

to increase its maintenance standards. However, the 

growing number of maintenance interventions did not 

seem to increase aircraft reliability, but only the 

maintenance costs. To solve this problem, the civil 

aviation industry led the development of maintenance 

planning by creating the Maintenance Steering Group 

1 (MSG-1) in 1968, which in turn led to the formation 
of Reliability Centered Maintenance (RCM).  

Two decades of research had led to the conclusion that 

simply increasing the frequency of scheduled 

maintenance was not enough to significantly improve 

reliability. Even the ever-growing number of 

techniques for detecting different failures and repair 

components had no visible effect. The problem, it 

seemed, was not the number of quality of the 

techniques, but when, how and where they were 

applied. A revolutionary technique applied to the 

wrong situations will not yield the expected results. 

For example, a component without a dominant failure 

pattern will not benefit from any kind of periodic 
inspection. 

The solution was the development of a logic process 

(RCM) to be followed when creating a maintenance 
program.  

The logic process starts by asking several questions 

about the system to which it will be applied: 

 What are the functions and associated 

performance standards of the asset in its 

present operating context? 
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 In what ways does it fail to fulfil its 

functions? 

 What causes each functional failure? 

 What happens when each failure occurs? 

 In what way does each failure matter? 

 What can be done to predict or prevent each 

failure? 

 What should be done if a suitable proactive 

task cannot be found? 

This information is used to identify the maintenance 

process that best suits the component, in order to 

define a set of adequate and tailored maintenance tasks 

to prevent system failures. This is achieved while 

taking into account costs, safety and environmental 

factors and operational goals. Because the final goal of 

this method is to identify the maintenance process to 

be used, this approach is called a Process Oriented 

approach. 

MSG-1 was followed years later by MSG-2 and MSG-

3, only the latter had significant changes to the initial 

philosophy by becoming Task Oriented focusing on 
the consequence of each failure. 

MSG-3 is widely used in today’s aviation industry, and 

has influenced maintenance planning efforts in other 

areas. 

2.1. Maintenance methods 
Maintenance approaches are divided into two groups: 

Preventive maintenance and Corrective maintenance. 

Preventive maintenance is carried out at 

predetermined regular intervals and evaluates the 

condition of the system, whereas corrective 

maintenance acts after a fault is detected. 

Preventive maintenance – Hard-Time 
Hard-time is the name of a maintenance approach that 

overhauls the target system at predefined time or usage 

intervals. These intervals are system specific and 

defined after a study of said system. If a statistical 

study of a component shows a bathtub curve 

relationship between failure rate and time (or usage), 

the overhaul of the component is scheduled for a 

moment in time before the increase in failures 

statistically occurs. Although this will not prevent all 

failures (particularly component “infant mortality”), it 

will significantly reduce the number of overall failures 

in the component. Components without a known (and 

consistent) pattern of failure cannot be properly 
maintained by a Hard-time approach. [2] 

Preventive maintenance – On condition 
On-condition maintenance is applied to components 

whose condition can be inspected without being 

removed. These components are checked and their 

condition is compared to a predefined standard, and if 

the condition does not match the standard the 

component is removed from service. For this approach 

to be effective the inspection must test both the wear 

and the performance of the component in order to 
ensure airworthiness. [2] 

This method has its use severely restricted in 

components whose condition cannot be inspected 
without being removed from the aircraft. 

Condition monitoring 
After years of applying these preventive maintenance 

methods, civil aviation industry conducted a statistical 

study of recorded maintenance data to determine the 

effectiveness of the methods. This study showed that 

preventive methods did not influence most 

components. Contrary to what was assumed, many 

components did not present the expected failure rate 

behavior, and therefore it was impossible to define an 
appropriate Hard-time schedule for maintenance. 

Condition monitoring is a maintenance approach that 

relies heavily on reliability studies and statistical 

analysis of maintenance data to identify problems with 

systems and components. After the problem is 

identified appropriate measures can be designed and 
implemented to solve the problems. [2] 

 

3. Backup pool 
Aircraft maintenance is a complex process with many 

actions taking place simultaneously at any given 

moment. If planning and logistics are not perfectly 

coupled the maintenance project will have numerous 

delays, and possibly be ineffective in ensuring the 
airworthiness of the aircraft. 

The standard maintenance project is demonstrated in 
Figure 1: 

 

Figure 1 Maintenance process 

As we can see the aircraft maintenance is held up by 

the component repair. In normal circumstances this 

does not pose a significant problem because that 

waiting period is used by the aircraft maintenance 

crew to perform other interventions on the aircraft, 
such as structural checks and maintenance.  

However, due to a high number of components 

originating from several aircraft needing repairs 

simultaneously, the component repair department may 

not be able to abide by standard delivery times. This 

may lead to a severe delay to the aircraft delivery, 

which not only could represent an inconvenience for 

the client, but certainly represents contractual penalties 
for the maintenance organization. 

But what if a new (or repaired) component could be 

installed on the aircraft immediately after the previous 
one was removed? 
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Figure 2 Maintenance process with backup pool 

As we can see, this would cause a considerable 

reduction in the delivery time of the aircraft, while also 

giving the component repair department an extended 
deadline for the delivery of components. 

With this in mind, OGMA created a backup 

component pool. This pool of reserve components was 

acquired to decrease maintenance times: when a 

component is removed with a failure, instead of 

waiting for the component to be repaired, another 

component from the backup pool is installed in the 

aircraft. The failed component then undergoes the 

regular repair process, at the end of which it is stored 
in the backup pool. 

One of the objectives of this project is to provide 

information to assist in optimizing the size of the 

backup pool. Storing too many units of a component 

with high reliability will increase costs unnecessarily, 

while having too few units of a component with low 

reliability will led to increased maintenance times and 

costs. 

All the components studied in this document are part 

of the backup pool. 

4. Removal motive 
Components are removed from the aircraft for a 

variety of reasons, and each removal is recorded with 

its motive. Analyzing the data and looking for trends 

in removal motives could give important clues to 
unreliability problems. 

Component removal reasons are organized as follows: 

 

Figure 3 Removal motive hierarchy 

Trends in removal reasons can be alerts for the 

engineering department that there is a problem in the 

maintenance of a component. In spite of that it should 

be noted that such an analysis can only be conducted 

at the lowest level of precision available in the 

database, i.e. if components removed by wear are 

registered sometimes as failure others as wear it is not 

possible to use wear as a parameter in an analysis as it 

is unknown how many cases of failure are cases of 

wear. 

4.1. Cannibalization 
When several identical aircraft undergo maintenance 

simultaneously backup shortage of backup 

components is common. If one of the aircraft is closer 

to its delivery date and is held up by the lack of a 

replacement component, components in operating 

condition can be removed from other aircraft to be 

installed in the aircraft that is closer to delivery. This 

is called a cannibalization. The cannibalized aircraft 

must then wait for the replacement units originally 
meant for the first aircraft. 

Although cannibalization increases the flexibility of 

the maintenance process, its consequence in 

component and aircraft reliability is unknown. From 

the component point of view these removals are 

unnecessary, as no failure or fault was detected, and 

may led to induced failures later. 

One of the purposes of this project is to establish a 

relation between cannibalizations and failures to 

determine if cannibalizations do in fact increase 

failures. 

This project also has the potential of reducing 

cannibalizations by assisting the effort to optimize the 

size of the backup pool and by predicting future 
removals for upcoming maintenance projects. 

5. Work cards 
According to regulations every component removal 

must be registered in a work card. The name of each 

card depends on the stage of the maintenance project 
in which the component was removed. 

This is useful in identifying possible problems in the 

maintenance process, for example finding failures in 

the last stages of maintenance means that the delivery 

of the aircraft will be delayed. Problems like this can 

be caused by several unforeseen issues in the 

maintenance process that the present analysis is unable 

to pinpoint, so a further study will have to be 

conducted to determine and solve the underlying 

cause. However, this is not possible without first 
identifying a trend. 

6. Probabilistic Reliability 
Reliability, as defined earlier, is closely related with 

probability and statistics. This chapter provides the 

necessary background for performing a reliability 
analysis. 

Reliability tests are often conducted by manufacturers 

on samples of their products in order to ensure the 

desired performance. For example: a sample of 100 

items is tested for 1000 hours before it is sold and 50 

of those items fail after 200 hours. With this 

information we cannot say with certainty whether or 

not the untested items will fail before or after 200 

hours of operation, or even if any will fail at all. But 

we can state with certainty that the probability of an 

item presenting a failure before 200 hours of operation 

is 0.5. For the purpose of this project the items to be 

tested are already in use. 
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However, the mathematical processes for dealing with 

the information are similar, if we use the information 

from the past operation of the components as the test 

sample, and assume the conditions of operation will 
not change. 

It is important to notice that there is a significant 

degree of uncertainty when dealing with reliability. 

More often than not, there are unknown or 

unquantifiable variables affecting reliability, due to 

human interaction and unpredicted changes in 

operating conditions. 

The most widely used reliability quantity in repairable 

items is the mean time between failures, often called 

MTBF. A similar concept is used for non-repairable 
items called mean time to failure MTTF. 

Rate of occurrence of failures (λ) is a measure of 

reliability also used for repairable items, and is often 

said that 𝜆 =
1

𝑀𝑇𝐵𝐹
. This equation is only valid for 

cases where the rate of failure is constant, which is 

only applicable in certain situations like the reliability 

of the whole aircraft, a complex system where its 

several distinct components have different failure 
patterns. [1] 

Another measure of reliability is the availability of the 

item, often used in commercial airlines, to whom it is 

fundamental to ensure that enough aircraft are 
available at any given time. 

6.1. Probability Distributions 
Having tested the samples, it is now possible to 

perform a probability analysis to the resulting data. 

The usual method for continuous parameters like time 

is to calculate the probability density function (pdf) 

f(x), based on a known statistical distribution that fits 

the data collected. A well-known example of such a 
distribution is the normal distribution. 

In reliability engineering, however, the Weibull 

distribution is amongst the most widely used, due to 

the possibility of fine tuning its parameters to best fit 

the data. The 2 parameter Weibull distribution can be 
defined as function of time by the following equation: 

𝑓(𝑡) = {

𝛽

𝜂𝛽
𝑡𝛽−1𝑒𝑥𝑝 [−(

𝑡

𝛽
)𝛽]    𝑓𝑜𝑟 𝑡 ≥ 0

0                                       𝑓𝑜𝑟 𝑡 < 0

 (2) 

 

Where β is the shape parameter, η is the scale 

parameter. The scale parameter is also called 

characteristic life, time at which approximately 63.2% 
of the test subjects will have failed. 

With a shape parameter of 3.5 the Weibull function 
approximates the normal distribution. 

The mean of the Weibull distribution, equivalent to the 

MTTF measure in non-repairable items, is calculated 

by 

 
𝜇 = 𝜂𝛤(

1

β
+ 1) (3) 

Where Γ is the Gamma function defined by 

 
Γ(n) = ∫ 𝑥𝑛−1𝑒−𝑥𝑑𝑥

∞

0

 (4) 

 

6.2. Reliability Function 
Applying the concept of pdf to the definition of 
reliability defined earlier we get: 

 𝑅(𝑥) = 1 − 𝐹(𝑥) 
 

(5) 

Where F(x) is the cumulative distribution function 
(cdf) 

 
𝐹(𝑥) = ∫ 𝑓(𝑥)𝑑𝑥

𝑥

−∞

 

 

(6) 

That, when applied to the Weibull distribution will 
result in: 

 
𝐹(𝑥) = 1 − 𝑒

−(
𝑥
𝜂

)𝛽

 
 

(7) 

 

6.3. Time series analysis 
The probability plotting methods previously presented 

are applicable to cases where the data is independently 

and identically distributed. This behavior is usually 

observed in non-repairable items, but repairable items 

may not share this behavior. The fact that a single unit 

can be repaired and returned to operation means that 

the number of failures may be higher than the number 

of units. This would induce a mathematical 

impossibility by causing a cdf>1. 

The Poisson distribution provides an alternative for 

cases when the average rate of events remains 

constant. These cases are independently and 

identically exponentially distributed and defines a 

homogeneous Poisson process. However, the 

successive failures of a unit may occur at an increasing 

or decreasing rate due to aging or a change in operating 
conditions. 

A unit presenting successive failures with a non-

constant average rate of failure, represents a stochastic 

point process. As such it is possible to test the series of 
events in order to find a trend. [1] 

 

Figure 4 Time series analysis 

Considering an uninterrupted timeline x of length xo, 

times of failure xi, and n failures, the centroid test 
defines a method for testing the trend of the series 



6 
 

 
𝑈 =

∑ 𝑥𝑖/𝑛 − 𝑥0/2

𝑥0√1/(12𝑛)
 

 

(8) 

For series with the timeline ending with an event, n is 

replaced by (n-1) and the time to the last event is 
removed from the ∑xi. 

For U<0 the time between failures is increasing, and 

for U>0 it is decreasing. 

7. Maintenance analysis 
As stated earlier, the purpose of this section is to create 

software to analyze the maintenance data to provide 

information on the condition of the maintenance 

process and to help optimize said process. 

Three reports were created based on the requirements 
of the engineering department: 

 Planning report – Providing an overall view 

of the performance of the maintenance 

process 

 Part number report – Statistics focused on a 

single part number 

 Project report – An analysis on one 
maintenance project 

7.1. Planning Report 
Before the arrival of an aircraft for maintenance, the 

engineering department designs a maintenance plan 

based on regulations and client requests in order to 

reduce waiting times for replacement components. 

This means that some component removals are 

expected. These include removals of components that 

have reached their flight hour limit and components 

with malfunctions reported by the client, leaving out 

all the removals that occur after the aircraft inspection. 

If the plan includes a removal of a component that has 

no units in the backup pool, measures are taken to 

ensure a replacement is available when necessary, 

whether it be ordering a new component or alerting the 

component repair department. However, this is only 

possible when the removal is planned. 

How can one forecast removals of components whose 

failures will only be found during maintenance? The 

solution to this problem would enable the maintenance 

organization to warn its departments of near future 

requests for each component, changing the process 

from reactive to active, significantly reducing aircraft 
downtime and costs. 

Therefore, the purpose of the planning report is to use 

the maintenance history to provide a forecast of 

removals for upcoming maintenance projects. To 

achieve this, the report presents the number and 

frequency of removals in the desired type of 

maintenance project for each part number over a 

period of time, where the frequency calculated by 

dividing the number of removals by the number of 
projects. 

With this ranking, the maintenance plan can be 

changed to include the removal of all components with 

frequency above a predefined value. When defining 

the frequency at which it is assumed that the 

component will be removed, we will need to consider 

several aspects. 

This ranking does not discriminate the motive of the 

removal. Therefore, the report includes two more 

rankings with the top 20 removals by failure and by 

cannibalization. The comparison between the two lists 

can offer valuable clues on reliability or stock 

problems. If a component is in the top places of both 

lists it means that not only does it fail frequently but 

that the backup pool does not store enough units of that 

part number, otherwise it would not be frequently 
cannibalized. 

The ranking also does not distinguish between 

maintenance stages. If a component is often removed 

in a middle or late stage, the process may be changed 

in order to inspect the component more thoroughly in 

an earlier stage, thus allowing for more time to replace 

said component. With this in mind, three more lists 

were added to the report displaying the top 20 
removals in key stages of the maintenance process. 

Reliability changes over time, and this means that an 

analysis based on the complete history may not reflect 

the current trend. As we can see in the following graph, 

to make an accurate forecast of future removals one 
should consider no more than a three year period. 

 

Figure 5 Motive progression 

There is a level of uncertainty associated with 

reliability. One cannot state with certainty that a 

component with a removal frequency of 1 will be 

removed in the next maintenance. However, a removal 

frequency above 1 indicates that there is a high 
probability of removal in upcoming maintenance. 

Costs, repair periods and delivery time may vary with 

part number and frequency limits should be adapted 
for each individual case. 

7.2. Part number report 
Unlike the previous report whose objective was to aid 

maintenance planning, the main purpose of the part 

number report is to help identify possible reliability 

problems with a specific part number. This is achieved 

by analyzing the removals of the component in order 
to find unfavorable trends. 

The report includes the distribution of removals by: 

 Motives 

 Maintenance Stages 

 Aircraft 

 Serial numbers 
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As well as the yearly progression of the total number 

of failures. 

8. Operation analysis 
The previous reports were created to aid the 

optimization of maintenance process and developed 

based on maintenance data. However, they do not 

address the failure itself or measure and track the 

reliability of components. To do this one must use 

operational data, and attempt to find a relation between 

the recorded data and the occurrence of failures. 

Unlike previous reports, where all removals are 

included in the analysis, operation reports, focused on 

component maintenance, only take failures into 
account. 

Although failures can be caused by a wide variety of 

factors, many of them not related with time, the flight 

management system does not include information 

other than flight time. Therefore, all the reliability 

analysis conducted on the components will consider 
time as the main factor related to failures. 

As mentioned in chapter 6, the MTBF is a widely used 

reliability measure that can be calculated using the 

following equation: 

 
𝑀𝑇𝐵𝐹 =

∑ 𝑡𝑢𝑝𝑡𝑖𝑚𝑒

∑ 𝑛
 

 

(9) 

Where tuptime is the time (in flight hours) between the 

installation of the component and its removal, and n is 
the number of failures observed. 

MTBF is used in cases where failures are time 

dependent therefore, by only taking into account the 

uptime, the repair and installation times are excluded 

from the calculation thus increasing the accuracy of 
the calculated values. 

 

Figure 6 MTBF Diagram 

Further increase of the accuracy could be achieved by 

considering only the flight hours during which the 

component is used. However, this would require that 

the flight management system keep track the active 

time of each component in all aircraft while in 

operation by the client. As this is not easily 

implemented nor a practical solution, the component 
is considered to be in use throughout the flight. 

Instead of recording uptime the flight management 

system calculates the Time Since Installation (TSI) for 

every removal of each component, using the flight 
hours of the aircraft while the component is equipped. 

 

8.1. MTBF report 
Like the planning report for maintenance, the MTBF 

report provides an overall view of the reliability of all 

the components and its purpose is to aim a more 
focused analysis to the more critical cases. 

The report presents the total number of removals due 

to failure and the MTBF (as calculated above) for each 

component. 

As with the maintenance results, component reliability 

can change over time, this means that overall values 

may not represent current events. In order to identify 

trends, this report also presents the number of failures 

and MTBF for the last 3, 6, 12 and 24 months. A recent 

decrease in MTBF or values far below the average 
could indicate a reliability problem. 

8.2. MTBF Part Number report 
This report will present the reliability of a single part 

number and that of its serial numbers. To do so it 
analyses several aspects of the part number: 

1. Yearly MTBF and 0 flight hour failures 

2. MTBF of the component in each aircraft of 

the fleet 

3. Distribution of time since installation for 

first, second and third removals of all the 

serial numbers 

4. Number of failures and MTBF for each 

serial number 

5. Trend analysis for each serial number 
6. Reliability function of the component 

Yearly MTBF 
The yearly MTBF calculation provides an easy way to 

track the progress of overall reliability of the 

component through time. 

If all the available data is taken into account, overall 

results can be misleading. A component may present 

good overall reliability and a recent decrease in 

reliability. Therefore overall part number reliability 

results should always be paired with the reliability 

progression over time. 

Failures on units with 0 flight hours represent a 

reliability problem, increased costs and possibly 

delayed delivery dates. However, these cases may be 

caused by the component or by flaws in the 

maintenance process, and the source of the problem 

cannot be accurately identified without a study of each 

individual case. Because of this, failures with 0 flight 
hours are not included in MTBF calculations. 

MTBF by aircraft 
Just as overall results may not represent recent 

tendencies they may also conceal problems with 

individual aircraft. By presenting the number of 

failures and MTBF of the part number in each aircraft 

the report helps the engineers in identifying problems 
with specific aircraft. 

Time to failure distribution 
Analyzing the distribution of time to failure of 

successive removals in all units of the part number is a 

good method for determining the condition after repair 
of the component. 
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In some cases, the component is repaired to as good as 

new condition. This means that the repair process not 

only returns the unit to operating condition, but also to 

its original condition. Some repair processes only 

return the repaired unit to operating condition. In this 

situation the condition after repair is called same as 
old. 

Most real life repairs return the unit in a condition that 
is between as good as new and same as old. 

By allocating the first, second and third failures of 

every unit of the component to its time slot it is 

possible to identity the distribution of time to failure of 

the component. 

The first example presents a component that, despite 

the overall decrease in number of successive failures 

(not all units in the sample have been installed a second 

and third times), maintains its distribution in 

successive failures. 

 

Figure 7 Regular failure distribution 

 

This is the ideal case for every repair process, and 

should be the observed for the studied components, 

where the tests to which the units are subjected are 

always the same, be it in its first installation or after a 
repair. 

However, in some cases there is a clear degradation of 

the component’s condition, as demonstrated in the 
following example. 

 

Figure 8 Irregular failure distribution 

The first failure of the units occurs mostly after 2000 

flight hours, whereas the following failures occur 

mostly after a few hundred flight hours. This is a case 

where the condition after repair is somewhere between 

as good as new and same as old. 

The degradation of the component can be caused by 

several factors: 

 Wear in parts of the component not replaced 

or repaired in maintenance 

 Changing repair manuals and/or regulations 

 Damage induced by cannibalization and 

other maintenance processes 

 Faulty inspection practices and/or 

regulations 

 Highly degradable material 

The condition after repair will be used later to 

determine how the overall reliability of the component 

is calculated. 

Serial number reliability 
Although the part number reliability metrics are 

heavily influenced by the reliability of the serial 

numbers, in some cases a rogue unit with performance 

below average may go unnoticed if only the part 

number is analyzed. With this in mind, the reliability 
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part number report studies all the units of the serial 

number. 

However, as mentioned before, the metrics provided 

by the reports are not enough to establish with 

complete certainty that there is a reliability issue. This 

can only be achieved by the deeper analysis of the unit 

triggered by the report. 

As repairable components, we can apply the Time 

Series Analysis to individual units and calculate its 

failure trend. Using the centroid test equation for series 
ending with an event: 

 

𝑈 =

∑ 𝑥𝑖

(𝑛 − 1)
−

𝑥0

2

𝑥0√
1

12(𝑛 − 1)

 

 

(10) 

   

The trend analysis is another useful indicator of the 

reliability of a single unit, but we still lack a metric for 
the reliability of the part number as a whole. 

8.2.1. Reliability function 
Time series analysis, focusing on a single unit, cannot 

be applied to a part number, which has several units 

operating simultaneously in different aircraft and 
backup units in storage. 

As stated earlier, methods based on probability 

distributions can only be used in cases where the 

number of failures is not higher than the number of 

units. However, if after being repaired a unit returns to 

its original condition, installing a new unit or a 

repaired unit is equivalent. This means that, 

statistically, all failures of repaired components can be 

considered as first failures, and probability distribution 

methods are available. Therefore, to find an accurate 

method for calculating the overall reliability of a 

component we must consider the condition after repair 

of the component. 

Determining Weibull distribution 

parameters 
The usual method for determining the Weibull 

parameters is to calculate the median ranks of all the 

times-to-failure available, plotting them in a Weibull 
plotting paper, and estimating the parameters. 

This graphical method would require the user to 

calculate the parameters manually. Manual 

calculations would be too time consuming for this 

method to be used on a daily basis. 

To solve this issue, the software uses a numerical 

method called Least Squares Method for estimating 
the Weibull parameters. 

The Least Squares method is a commonly used 

computational method in engineering. The method fits 

a statistical model to the target data by assuming a 

linear relation between the data and the distribution. [3] 

Starting from the non-linear cumulative Weibull 
Distribution function equation given by: 

 
𝐹(𝑥) = 1 − 𝑒

−(
𝑥
𝜂

)𝛽

 
 

(11) 

And transforming it into a linear equation: 

 
ln [ln (

1

1 − 𝐹(𝑥)
)] = 𝛽 ln(𝜂) − 𝛽ln (𝑥) 

 

(12) 

It is now possible to establish the following four 
equations where xi is the ith failure time: 

 

[3] 

Using these for equations we get �̅� and �̅�, estimations 

for the Weibull parameters, with which we will write 
the reliability function: 

 
𝑅(𝑡) = 𝑒

−(
1
𝜂

)𝛽

 
 

(17) 

That calculates the probability R of the component 

operating for t flight hours without failure. As we can 

see in the next graph, this probability decreases 

quickly with time. Thus confirming the assumption 

that failure is heavily influenced by time. 

 

Figure 9 Reliability Function 

9. Conclusions 
Reliability and maintenance are subjects that contain 

aspects of a multitude of disciplines, and that makes 

the study of these subjects a complex and non-linear 

task. Reliability in particular has an associated level of 

uncertainty that should always be taken into account. 

It should be noted that the aircraft to which this 

program was applied, was designed before the latest 

developments in reliability and maintenance planning. 

Developments such as the MSG-3 and RCM have a 

significant influence in the development of recent 

aircraft and their maintenance plans. 

 

The program that was developed could still see its 

features improved. 
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The program is prepared to perform a failure mode 

analysis after the precision of the removal motive field 
is increased in the database. 

If the analysis took into account the number of units of 

each part number aboard each aircraft. A part number 

that has two units in each aircraft will fail (statistically) 

twice as much in the same number of flight hours as a 
part number with only one unit aboard. 

It is expected that this program will assist the 

engineering department in its efforts to reduce costs 

and optimize its maintenance process, and creates a 

base for a future expansion of the reliability program 

including more features and applied to different 
aircraft. 
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